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Monday, February 27, 2012 349aspatiotemporal coordination of underlying biochemical processes. SCAR/
WAVE-mediated dendritic F-actin polymerization at the cell’s leading edge
plays a key role in cell migration. Our study identifies a mechanical and bio-
chemical role for the SCAR/WAVE complex in modulating the traction
stresses that drive cell movement. We demonstrate that the traction stresses
of wild-type Dictyostelium cells or cells lacking the SCAR/WAVE complex
protein PIR121 (pirA-) or SCAR (scrA-) exert stresses of different strength
that correlate with their levels of F-actin. By processing the time records of
the cell length and the strain energy exerted by the cells on their substrate,
we showed that wild-type cells migrate by repeating a specific set of mechan-
ical steps (motility cycle), whereby the cell length (L) and the strain energy ex-
erted by the cells on their substrate (Us) vary periodically. Our analysis also
revealed that scrA- cells exhibit an altered motility cycle with a longer period
and a lower migration velocity compared to those of wild-type cells. In marked
contrast to these strains, pirA-cells, although they have a higher F-actin content,
migrate as slowly as scrA- cells but their migration occurs in a seemingly ran-
dom manner in that they lack the periodic changes in traction stresses that are
observed for the other two strains. Finally, by quantifying the level of F-actin in
the leading edge in combination with the traction stresses, we demonstrated that
the level of leading edge, SCAR/WAVE complex-mediated F-actin polymeri-
zations is critical for the level and spatiotemporal control of the traction
stresses, cell-substrate interactions, and the motility cycle.
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The immune synapse is a key point of communication between T cells and an-
tigen presenting cells. The layout of this interface is driven in large part by
a complex cytoskeletal structure. This report focuses on modulation of the cy-
toskeleton by T Cell Receptor (TCR) signaling using micropatterned surfaces
presenting OKT3 (an antibody that activates the TCR signaling component
CD3) and ICAM-1 to T cells. Previous studies by our group demonstrated
that micro-scale features of OKT3 (red, top row) induce lamellipodial polymer-
ization (white arrows) of actin (green) on surrounding regions of ICAM-1. We
show here a second type of polymerization, the formation of linear, consoli-
dated F-actin structures from sites of CD3
engagement (blue arrow), resembling actin
comets observed in other systems. This
mode of actin polymerization occurs con-
current to lamellipodium extension. Fur-
thermore, polymerization is initiated by
sharp, external corners of angular patterns
of OKT3 (bottom row). This latter result
suggests mechanical forces, which are con-
centrated at such corners under cellular ten-
sion, initiate this modality of actin
polymerization. The different contributions
of these behaviors on immune synapse
function remain to be determined.1773-Pos Board B543
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The ‘molecular clutch’ hypothesis has been proposed to describe how a cell
grips a surface and exerts force in order to crawl: A network of F-actin fila-
ments near the leading edge of the cell undergoes continual turnover and tread-
milling. When adhesion increases in response to guidance cues, forces
produced by leading edge F-actin polymerization are transmitted mechanically
to the extracellular matrix. This creates a pushing force at the leading edge and
a traction force between the cell and the substrate, allowing the cell to move
forward. We use a combination of theoretical modeling and cell biological
data to investigate the coordination of cytoskeletal dynamics and focal adhe-
sion dynamics in cell motility. By correlating the dynamics of the actin cyto-
skeleton, focal adhesion proteins, and local traction stresses in migrating
PtK1 epithelial cells, we develop a model for the spatiotemporal feedback be-
tween the actin cytoskeleton and force-dependent focal adhesion dynamics that
allows cells to mechanically interact with their surroundings. We use this
model to elucidate the viscoelastic properties of the actin cytoskeleton andthe role of tension-dependent focal adhesion maturation in the ‘molecular
clutch’ at the cell leading edge.
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We describe simulations treating the effects of myosin minifilaments on the
macrosopic stress in an idealized two-dimensional crosslinked actin network.
The network is modeled as a collection of randomly oriented actin filaments
connected to a rigid square boundary. The network structures are obtained by
minimization of an energy function including elastic terms due to stretching
and bending of rods, and a chemical energy driving myosin motion on actin fil-
aments. The actin filaments are allowed to relax to an equilibrium configuration
after the myosin forces are applied. The stress induced by the myosin minifila-
ments is then evaluated from the forces on the walls. We find that stresses
induced by the minifilaments are overwhelmingly contractile, because minifila-
ments that start in extensile configurations rotate to contractile configurations.
Furthermore, the induced stresses are much larger than those calculated by elas-
ticity theory, because of force chains running from the myosin minifilaments to
the walls. The mechanism uncovered by the simulations does not depend on
nonlinear elasticity of the actin network, or on specific assumptions regarding
the behavior of myosins at filament ends.
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The mitotic spindle is generally considered to be the initiator of furrow ingres-
sion. However, recent studies have shown that furrows can form in the absence
of spindles, particularly during asymmetric cell division. In Dictyostelium, the
mechanoenzyme myosin II and the actin crosslinker cortexillin I form a mecha-
nosensor that responds to mechanical stress, which could account for spindle-
independent contractile protein recruitment. Here, we show that the cleavage
furrow regulatory and contractility network, composed of myosin II, cortexillin
I, IQGAP1, IQGAP2, kinesin-6 (kif12) and INCENP, is a mechanical stress-
responsive system. Myosin II and cortexillin I form the core mechanosensor,
and mechanotransduction is mediated by IQGAP2 through kif12 and INCENP.
Additionally, IQGAP2 is antagonized by IQGAP1 to modulate the mechanor-
esponsiveness of cortexillin I, suggesting a possible mechanism for discrimi-
nating between mechanical and biochemical inputs. Furthermore, IQGAP2 is
important for maintaining normal spindle morphology and recruitment of
kif12 and myosin II to the cleavage furrow. Finally, the mitotic spindle is dis-
pensable for the system. Overall, we suggest that this mechanosensory system
is structured like a control system characterized by mechanochemical feedback
loops that regulate the myosin II levels at the cleavage furrow.
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Dendritic spines of hippocampal neurons are receivers of neurotransmission in-
put that occurs during learning and memory.Dendritic spines stabilization and
their structural plasticity underlie synaptogenesis and synaptic plasticity. The
morphology and motility of dendritic spines and their precursors, dendritic fi-
lopodia, depend crucially on the viscoelastic properties of the actin cytoskele-
ton and its response to myosin II motor contractility. New data on localization
of myosin IIB in the dendritic spine and its precursor filopodia allows precise
modeling of the forces involved in protruding filopodia, when the actin network
as it is contracted by myosin IIB. The periodic growth and shrinking of
filopodia is captured by our model and arises from the competition between
contractility and polymerization. The actomyosin contractility and actin poly-
merization mechanisms are sufficient to reproduce the filopodia motility ob-
served in vivo hippocampal neuron dendritic filopodia. Moving-boundary
simulations capture motile filopodia actin cytoskeleton dynamics and corre-
sponding myosin concentration fluctuations in filopodia and mature spines.
Our results offer new insights into the stabilization of spine morphology and
suggest a biomechanical mechanism for the development of mature spine
‘‘mushroom’’ or ‘‘stubby’’ morphologies.
